In 36 normolipemic pigs randomized to a 4-week feeding with regular pig chow (n =18, control group) or chow supplemented with cod liver oil (1 ml/kg per day) (n=18, treated group), treatment with cod liver oil produced a significant decrease in serum cholesterol, low density lipoprotein cholesterol, and triglycerides. Deep carotid arterial wall injury (media exposed) by balloon angioplasty was associated with less "'In-labeled platelet deposition (24.6±4.8x106/cm2 versus 62.5±17.OX 106/cm2, p<0.05; difference, -33.8x 106/cm2; 95% confidence interval [CI], -1.9x106/cm2 to -73.9x 106/cm2) and injury-related vasoconstriction (21.3±2.2% versus 30.9+2.9o,p<0.05; difference, -9.6%; 95% CI, -2.2% to -17.0O) in the cod liver oil-treated group than in the control group; with mild injury (media not exposed), platelet deposition was low and unchanged (6.2±0.5x 106/cm2 versus 7.8±0.7x 106/cm2; difference, -1.6x 106/ cm2; 95% CI, -1.1x10'/cm2 to +4.3x 16/cm2), but associated vasoconstriction was reduced respectively (16.3±2.0%o versus 23.0+2.2%, p<0.05; difference, -6.7%; 95% CI, -0.6% to -12.8%). When arterial blood from cod liver oil-treated pigs superfused normal aortic media ex vivo, platelet deposition onto the normal aortic media was lower than when arterial blood from control pigs superfused the normal aortic media (43.7±8.8x106/cm2 versus 66.8±13.0x 10'/cm2, p<0.05). A mild increase in the eicosapentaenoic acid/arachidonic acid ratio to 0.5 or greater was associated with a significant reduction in platelet deposition and vasoconstriction, whereas a ratio in excess of 2.0 was needed to significantly lower serum lipid levels. In addition, there were no correlations between serum cholesterol and platelet deposition or vasoconstriction, making it unlikely that the modest reduction in serum lipids would influence the acute platelet-arterial wall interactions. These beneficial effects of cod liver oil on platelet-arterial wall interactions, occurring with only a mild increase in the eicosapentaenoic acid/arachidonic acid ratio, may have implications for thrombosis and vasospasm after deep arterial injury. (Circulation Research 1992;71:769-775) KEY WORDs * cod liver oil * platelets * arterial injury * eicosapentaenoic acid P latelet-arterial wall interaction and platelet thrombus formation appear to play an important role in the pathogenesis of atherosclero-SiS1,2 and the acute thrombotic complications due to atherosclerosis.3-5 Observational studies in Greenland, the Netherlands, and Japan6-9 have suggested that the low incidence of atherosclerotic disease and its acute complications in these specific populations may in part relate to an abnormal platelet function resulting in a prolonged bleeding time and decreased platelet aggregation thought to be secondary to their high fish and fish oil diet, rich in polyunsaturated fatty acids, especially eicosapentaenoic acid. Studies in hyperlipidemic swine
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Response to Injury In 36 normolipemic pigs randomized to a 4-week feeding with regular pig chow (n =18, control group) or chow supplemented with cod liver oil (1 ml/kg per day) (n=18, treated group), treatment with cod liver oil produced a significant decrease in serum cholesterol, low density lipoprotein cholesterol, and triglycerides. Deep carotid arterial wall injury (media exposed) by balloon angioplasty was associated with less "'In-labeled platelet deposition (24.6±4.8x106/cm2 versus 62.5±17.OX 106/cm2, p<0.05; difference, -33.8x 106/cm2; 95% confidence interval [CI], -1.9x106/cm2 to -73.9x 106/cm2) and injury-related vasoconstriction (21.3±2.2% versus 30.9+2.9o,p<0.05; difference, -9.6%; 95% CI, -2.2% to -17.0O) in the cod liver oil-treated group than in the control group; with mild injury (media not exposed), platelet deposition was low and unchanged (6.2±0.5x 106/cm2 versus 7.8±0.7x 106/cm2; difference, -1.6x 106/ cm2; 95% CI, -1.1x10'/cm2 to +4.3x 16/cm2 ), but associated vasoconstriction was reduced respectively (16.3±2.0%o versus 23.0+2.2%, p<0.05; difference, -6.7%; 95% CI, -0.6% to -12.8%). When arterial blood from cod liver oil-treated pigs superfused normal aortic media ex vivo, platelet deposition onto the normal aortic media was lower than when arterial blood from control pigs superfused the normal aortic media (43.7±8.8x106/cm2 versus 66.8±13.0x 10'/cm2, p<0.05). A mild increase in the eicosapentaenoic acid/arachidonic acid ratio to 0.5 or greater was associated with a significant reduction in platelet deposition and vasoconstriction, whereas a ratio in excess of 2.0 was needed to significantly lower serum lipid levels. In addition, there were no correlations between serum cholesterol and platelet deposition or vasoconstriction, making it unlikely that the modest reduction in serum lipids would influence the acute platelet-arterial wall interactions. These beneficial effects of cod liver oil on platelet-arterial wall interactions, occurring with only a mild increase in the eicosapentaenoic acid/arachidonic acid ratio, may have implications for thrombosis and vasospasm after deep arterial injury. (Circulation Research 1992;71:769-775) KEY WORDs * cod liver oil * platelets * arterial injury * eicosapentaenoic acid P latelet-arterial wall interaction and platelet thrombus formation appear to play an important role in the pathogenesis of atherosclero-SiS1,2 and the acute thrombotic complications due to atherosclerosis. [3] [4] [5] Observational studies in Greenland, the Netherlands, and Japan6-9 have suggested that the low incidence of atherosclerotic disease and its acute complications in these specific populations may in part relate to an abnormal platelet function resulting in a prolonged bleeding time and decreased platelet aggregation thought to be secondary to their high fish and fish oil diet, rich in polyunsaturated fatty acids, especially eicosapentaenoic acid. Studies in hyperlipidemic swine demonstrated that dietary supplementation with cod liver oil could markedly inhibit the development of coronary atherosclerosis, an effect that appeared related to platelet inhibition rather than reduced serum cholesterol.10 Intimal hyperplasia in autogenous vein grafts used for arterial bypass was also inhibited by treatment with cod liver oil" when cholesterol levels were not affected. Thus, inhibition of platelet function, as has been observed in vitro7-10,12,13 and suggested by indirect in vivo indexes,'1213 may be an attractive hypothesis to explain these effects of cod liver oil. However, it is unknown whether dietary supplementation with fish oil can in fact alter the direct platelet-arterial wall interaction in vivo. An overall assessment of indexes of platelet function may not truly reflect events occurring specifically at sites of arterial injury where localized platelet-arterial wall interaction may contribute to mural thrombosis and atherosclerosis. The aim of this study was to assess whether a diet therapy with cod liver oil could alter the interactions between platelets and the arterial wall, an important component of the response to injury hypothesis of atherosclerosis. [1] [2] [3] Therefore, in this prospective, blinded, randomized study, we examined in normolipemic pigs the effects of a 4-week dietary supplement with cod liver oil on the platelet-arterial wall interaction by directly quantitating the in vivo platelet deposition at the site of arterial wall injury and the associated platelet-dependent vasoconstriction,14 the ex vivo platelet deposition15 onto normal porcine aortic media, and the changes in hematologic indexes, serum lipids, and plasma fatty acid composition.
Materials and Methods Experimental Procedure
Thirty-six normal pigs of the Babcock four-way cross stock (mixture of Landrace, Yorkshire, Hampshire, and Duroc breeds), [8] [9] [10] [11] [12] weeks of age (weight, 26 .7+1.0 kg), were randomly assigned to receive 4 weeks of either regular pig chow feed (containing no cod liver oil or eicosapentaenoic acid) (Hog Finisher, Bedtle Brothers Feed and Seed Co., Minnesota) (n =18, control group) given as 50 g/kg per day (maximal intake, 1,800 g per day) or regular pig chow feed supplemented with 1.0 ml/kg per day of cod liver oil that contained no vitamin E (E.R. Squibb & Sons, Inc., Princeton, N.J.) (n=18, treated group). The animals, in pairs of cod liver oil-treated and control animals, were then raised under the same environmental conditions but in separate compartments to avoid inadvertant cod liver oil ingestion by control animals, and the feeds (chow with or without cod liver oil) were adjusted on a weekly basis according to the body weight. No residual feeds remained in either compartment by the end of the day. After fasting the animal overnight, blood was drawn by femoral venipuncture immediately before and at the completion of the study for the determination of the blood platelet count, prothrombin time, partial thromboplastin time, serum calcium, serum triglycerides, and cholesterol (enzymatic method)16 including low density and high density lipoprotein fractions. Fatty acid profiles of plasma lipids were determined by gas chromatography.17 The totals of the fatty acids contained in the serum cholesteryl esters, triglycerides, and phospholipids were calculated, and the concentration of the individual fatty acids in turn were calculated from those totals and the respective percentages as determined by gas chromatography. Right and left ear bleeding time18 were also obtained, and the mean value was reported. At the end of the 4-week feeding period, the pigs underwent autologous platelet labeling with "'In tropolone (300-400 ,uCi) as previously described.'9 20 Eighteen to 24 hours later, they were sedated with 300 mg ketamine (Ketaset, Bristol Laboratories, Evansville, Ind.) intramuscularly; then they were intubated, and anesthesia was maintained with 0.5% halothane (Fluothane, Ayerst Laboratories, New York) provided through a respirator (Harvard Apparatus, South Natick, Mass.) as previously described.1420 The electrocardiogram and intra-arterial pressure were continuously monitored throughout the procedure with a Honeywell multichannel recorder.
Ex Vivo Superfusion Chamber Study
Through a left inguinal incision, the femoral artery and vein were isolated and cannulated. The pigs were heparinized intravenously (single bolus, 4,000 USP units), and blood from the femoral artery was drawn into Plexiglas chambers by a peristaltic pump (model 7013, Masterflex) and recirculated into the animal through the femoral vein. The cylindrical superfusion Plexiglas chambers were designed to mimic the tubelike shape of the vascular system and contained a "window" permitting direct exposure of normal porcine aortic media to the flowing blood, which was kept at a rate of 20 ml/min by the peristaltic pump for each 6-minute perfusion.15 The internal diameter of the chamber was 2.0 mm, and with a flow rate of 20 ml/min, the theoretically calculated shear rate was 424 sec-' for a Newtonian fluid at a constant viscosity.2' For the first six pairs of animals, two such flow chambers were connected together for each 6-minute superfusion. This experiment was then repeated for each pair of control and cod liver oil-treated pigs. For the subsequent animals, only a single 6-minute superfusion was performed, but with three chambers connected serially, one after the other. There were no significant differences in platelet deposition onto the exposed aortic media between the duplicate runs of two chambers or between the three serial chambers for each run, and the mean of the data from the three or four chambers was recorded. The aortic media used in the chambers were obtained from aortas harvested from normal untreated pigs. The aortas were cleaned of surrounding connective tissue and stored in Tris buffer with antibiotics (penicillin and streptomycin, GIBCO Laboratories, Grand Island, N.Y.) at 4°C and were used within 3 weeks of harvesting.15,22 Before the superfusion experiments, the aortas were opened by a longitudinal cut. Starting from one corner, the intima together with a thin portion of the subjacent media was lifted up and peeled off. The major portion of the exposed media, which remained overlying the adventitia, was then divided into 35 mm by 10-mm segments to be placed inside the superfusion chambers as previously described. 15 Aortic tissue from the same normal pig was used in the flow chamber runs involving matched pairs of cod liver oil-treated and control pigs.
Arterial Injury In Vivo
After the superfusion experiments, injury of the common carotid arteries by balloon angioplasty at the level of the fifth to fourth cervical vertebra was performed under fluoroscopic control using an 8F balloon dilation catheter (Meditech polyethylene balloon, 3 cm long and 10 mm in diameter or 3 cm long and 12 mm in diameter, depending on the size of the carotid artery) inserted through a right femoral arteriotomy as previously described. 14, 20 Five inflations of 30 seconds at 6 atm were performed at 60-second intervals. One artery ruptured during the angioplasty procedure in a cod liver oil-treated pig and was not analyzed. Also, one pig in each group died during the angioplasty procedure, and technical problems were encountered in another pig in each group, necessitating exclusion from analysis.
Angiographic Quantitation of Vasoconstriction
In all pigs, angiograms of the common carotid arteries at a fixed distance from the x-ray source and image intensifier were obtained immediately before and after the dilatation procedure by the selective intra-arterial injection of a mixture of 6.0 ml meglumine diatrizoate (Renograffin-76, Squibb) and 6.0 ml normal saline. The vasoconstriction that is always localized just proximal and distal to the dilatation site was expressed as the mean of the greatest narrowing of the lumen (measured with a caliper) just proximal and distal to the dilated segment on the postdilatation angiogram, expressed as percentages of the diameter before dilatation, as previously described.14'20 A plain x-ray film was also obtained during balloon inflation as previously described. 14, 20 Histopathological Study After a lethal dose of sodium pentobarbital, the carotid arteries were perfused in situ with 2% glutaraldehyde and 1% paraformaldehyde in 0.1 M cacodylate (pH 7.25) at physiological pressure for 15 minutes. The carotid arteries were then removed and cleaned of all adventitia, and the dilated portion was examined histologically for the presence or absence of a medial tear. 14, 20, 23 Quantitation of Platelet Deposition Autologous platelets were labeled with "'In tropolone according to previously described techniques.'9
The radioactivity per segment of dilated carotid artery, or per segment of aortic media in the superfusion chamber, and the radioactivity from weighed samples of blood were determined from a gamma well counter after correction for radionuclide decay. The quantitative platelet deposition (x 106 per square centimeter) on the arterial segments was then calculated by using the blood platelet count and the "'In activity on the arterial wall and in blood, as previously described.1420,23 Data Analysis This study was designed from the outset to be a randomized double-blind trial, with each pig assigned a code. As such, the x-ray films, histopathological slides, and platelet deposition were analyzed with the investigators blinded to the treatment administered. Results are expressed as mean-+-SEM, unless otherwise stated. Statistical analysis was performed by Student's t test for paired or unpaired observations, and the 95% confidence interval was expressed where appropriate. A two-factor analysis of variance was used when more than two means were compared, and only when significant, intergroup differences were assessed by t test. 24 Values were considered significant for a value of p<0.05.
Results
No side effects and, in particular, no spontaneous bleeding or bruising were noted during the course of this 4-week study. Weekly weight gains were comparable in each group, and at the conclusion of the study, there were no differences between the weight of the control pigs (39.6+±1.5 kg) and those fed cod liver oil (40.8+ 1.5 kg).
Bleeding time increased significantly after treatment with cod liver oil, whereas in the control group there was a slight but nonsignificant increase (Figure 1 ). The hemoglobin, white blood cell count, prothrombin time, activated partial thromboplastin time, and platelet count were not different between the two groups at the end of the study (Table 1 ). In the cod liver oil-treated pigs, there was a significant decrease in serum cholesterol, serum low density lipoprotein cholesterol, and triglycerides, whereas changes in the control group were not significant (Table 1) . Overall, serum cholesterol fell by 23% in the treated group relative to a 9% fall (p<0.05) in the control group; similarly, serum triglyc- erides fell by 31% in the treated group relative to a 12% increase (p<0.05) in the control group. There were no significant changes in high density lipoprotein cholesterol in either group (Table 1) .
From histological analysis, 54% of balloon-injured arteries had a tear extending through the internal elastic lamina into the media (deep injury), and the remaining 46% had a mild injury with no tear extending into the media. Platelet-thrombus formation at the site of deep arterial wall injury resulted in a platelet deposition that was significantly greater than that found in the presence of mild injury (Figure 2) , where a monolayer of platelets adhered to the exposed subendothelium with no thrombus formation, as previously described.1425'26 Vasoconstriction was also significantly greater in the presence of deep rather than mild injury (Figure 2 ). After treatment with cod liver oil, both the platelet deposition and vasoconstriction associated with deep injury were significantly less than they were in the control group (Figure 2, left panel) . In the presence of mild injury, vasoconstriction was significantly less in the cod liver oil-treated group relative to the control group ( Figure  2 , right panel), even though the smaller number (monolayer) of platelets adherent to the subendothelium did not differ in the two groups. When blood from cod liver oil-treated pigs superfused normal porcine aortic media ex vivo at 37°C, platelet deposition was significantly lower than when blood from control pigs superfused the normal porcine aortic media (Figure 3) .
The fatty acid profiles of the plasma lipids for the control and treated pigs, before and after the feeding experiment, are shown in Table 2 . In the control animals fed a normal chow diet, there were no significant differences between the baseline and the final values of the various major fatty acids measured. However, in the cod liver oil-fed animals, there was a significant increase in eicosapentaenoic and docosahexaenoic acid (both w3 fatty acids) and a significant decrease in arachidonic acid (o6 fatty acid). Thus, the mean ratio of eicosapentaenoic acid to arachidonic acid, which was 0.33 at baseline, remained similar at 0.25 in the control animals (NS) but increased approximately 10-fold to 3.0±0.5 in the cod liver oil-treated animals (p<0.001). This improved eicosapentaenoic acid/arachidonic acid ratio in the cod liver oil-treated animals was associated with the observed decrease in platelet deposition and vasoconstriction ( Figure 4 ) and decrease in serum cholesterol and triglycerides ( Figure 5 ). However, it is interesting to note that this response was graded; the beneficial effects on platelet deposition and vasoconstriction were observed with only a slight increase in this ratio to 0.5 or greater, whereas the beneficial effects on serum cholesterol and triglycerides were observed at the much higher ratio of 2.0 or greater.
Discussion
The results of this study demonstrate that a normolipemic diet supplemented with cod liver oil (1 ml/kg per day for 4 weeks) can reduce the acute plateletarterial wall interaction after deep arterial injury by balloon angioplasty and provide evidence that this may, in part, be due to inhibition of platelet function. Thus, not only was platelet deposition at the site of deep arterial wall injury reduced in vivo after treatment with cod liver oil, but when blood from cod liver oil-treated pigs was superfused ex vivo onto normal untreated porcine aortic media,`'In-labeled platelet deposition was also significantly reduced compared with blood superfused from control pigs.
The prolongation of bleeding time after 4 weeks of feeding with cod liver oil is also consistent with previous reports showing a significant inhibition of platelet func-DEEP INJURY tion as manifested by prolonged bleeding time, impaired in vitro platelet aggregability, and decreased thromboxane A2 production.7-10,12,13 Foxall and Shwaery27 and Li and Steiner28 have recently shown that dietary supplementation with fish oil can inhibit platelet adhesiveness in swine27 and humans,28 thus confirming the above data. However, although this beneficial effect was evident in our study at a shear rate of 424 sec`in cylindrical flow chambers, it may not be present at the higher shear rate of 850 sec-1, as observed by Owens and Cave29 using a modified annular flow chamber. These changes in platelet function and platelet-arterial wall interaction support the hypothesis that fish oil-induced inhibition of platelet function may reduce intimal hyperplasia in autogenous vein grafts used for arterial bypass'l and retard the rapid development of coronary atherosclerosis,10 processes in which platelet interactions with the vessel wall may be pathogenetic.'-3,25 Since cod liver oil, like other platelet inhibitors including aspirin,14 does not reduce the monolayer of platelet deposition due to platelet adhesion at sites of mild injury, it may not retard the slow progression of atherosclerosis via smooth muscle cell hyperplasia. 3, 25 Localized vasoconstriction associated with acute arterial wall injury in vivo, which we have previously injury (left panel) with exposure ofthe media, "`In-labeledplatelet deposition was less (difference, -33.8x106 platelets/cm2; 95% confidence interval, from -1.9x106/cm2 to -73.9x1066/cm2) and vasoconstriction was less (difference, -9.6%; 95% confidence interval, from -2.2% to -17.0%) in the cod liver oil-treated group than in the control group. In the presence ofmild arterial wall injury (right panel) with no exposure of the media, platelet deposition was low and unchanged in the cod liver oil-treated pigs relative to controlpigs (difference, -1.6x106/cm2; 95% confidence interval, from -1.1x106/cm2 to +4.3x106/cm2), whereas vasoconstriction was significantly reduced (difference, -6. 7%; 95% confidence interval, from -0.6% to -12.8%). a Treated FIGURE 3. Bar graph showing ex vivo platelet deposition on aortic media. Platelet deposition onto normal aortic media ex vivo was less when arterial blood from cod liver oil-treated pigs superfused the aortic media than when blood from control pigs superfused the aortic media.
shown to be platelet dependent,14 was also significantly reduced after treatment with cod liver oil. Whereas this decrease in platelet-dependent vasoconstriction may result from a decrease in platelet deposition associated with deep arterial injury, the reduced vasoconstriction without a reduction in platelet deposition to mildly injured arteries in cod liver oil-treated pigs suggests an additional beneficial effect on the arterial wall contributing to vasodilatation, as we have also shown with nitroglycerin.26 Nitroglycerin appears to decrease both the platelet-dependent component as well as the arterial wall component of injury-related vasoconstriction in vivo. 26 This in vivo response of the arterial wall after cod liver oil treatment is also consistent with a parallel study of coronary arterial rings studied in vivo, in which dietary supplementation with cod liver oil facilitated endothelium-dependent relaxations and inhibited the endothelium-dependent contractions induced by arachidonic acid. 30 In this latter in vitro study, indirect indexes of platelet activation, namely serotonin and thromboxane B2 released by platelets from control and cod liver oil-treated pigs, appeared comparable. However, these measurements were performed in a smaller number of pigs (n = 6 in each group) after over an hour of centrifugation at room temperature and after addition to an organ bath containing Krebs-Ringer bicarbonate solution gassed with 95% 02-5% C02; under these conditions, the formation of visible platelet clumps and foam31 may represent unphysiological in vitro platelet activation, thus leaving the extent of platelet activation, the extent of platelet deposition on the arterial rings, and the functionality of the platelets unknown. Rather than measuring these indexes of platelet activation (which may have been more useful in the present study given the in vivo and ex vivo experimentation, thereby obviating the inherent problems associated with platelet harvesting), the direct plateletarterial interaction after arterial wall injury was assessed by quantitating the extent of platelet deposition on the arterial wall. Nevertheless, the in vitro ring experiments do clearly demonstrate that the arterial wall responses are different and complement the present study, which shows that the platelet functions when assessed in vivo are also altered after treatment with fish oil. Thus, besides reducing platelet deposition at the site of arterial wall injury, treatment with fish oil may favorably alter vascular responses and decrease vasoconstriction at sites of arterial injury. These influences, acting alone or in combination, may potentially explain the lower incidence of atherosclerotic disease and its acute thrombotic and vasospastic complications. The principal mechanism by which fish oils change platelet function is not fully understood. This diet leads to an increase in plasma eicosapentaenoic acid, and its ratio relative to arachidonic acid is increased approximately 10-fold after dietary supplementation. This observation is in accord with recent studies that have shown a similar increase in plasma fatty acid, which is always accompanied by a parallel increase in tissue fatty acid composition,12,2832,33 with an excellent correlation (r=O.91, p<O.OOO1) between plasma and tissue fatty favorably alter the overall balance between the proaggregating vasoconstrictor and the antiaggregating vasodilator prostaglandins,'4 and this alteration in prostanoid metabolism may contribute to the observed beneficial effects on platelet deposition and vasoconstriction, because less platelet deposition and vasoconstriction are observed when the eicosapentaenoic acid/ arachidonic acid ratio exceeds 0.5. However, the beneficial effects of this alteration in metabolism on serum cholesterol and triglycerides are intriguing, even though these effects are observed at a higher ratio, in excess of 2.0. Whether changes in prostanoid metabolism or another mechanism independent of the w3 lipids explain the latter effect is unknown. Cyclooxygenase inhibitors have not been shown to produce beneficial effects on serum lipids. The reductions in serum cholesterol and triglycerides observed in this study are significant in that they occurred in normolipemic animals fed a normal nonhypercholesterolemic diet. However, the effect of fish oil on serum lipids under conditions of hyperlipidemia may be different, and indeed, no reduction of the markedly elevated serum cholesterol level (range, 400-650 mg/dl) was observed in hyperlipidemic pigs fed a hypercholesterolemic diet." In addition, the decrease in vasoconstriction and platelet deposition was seen at a lower eicosapentaenoic acid/arachidonic acid ratio than was needed to lower serum lipid levels.
The dose of cod liver oil used in this study averaged 31.6±+0.7 ml per day over 4 weeks and provided approximately 3.3 g eicosapentaenoic acid per day. Weiner et al10 have found that a similar average dose (30 ml per day independent of the pig's weight) can significantly decrease the serum thromboxane B2 level, increase the eicosapentaenoic acid/arachidonic acid ratio to near unity despite high cholesterol feeding, and inhibit atherosclerosis in hyperlipemic swine. However, although in Weiner's hyperlipidemic swine model, beneficial changes on atherosclerosis were noted after 3 months of fish oil treatment,10 it is interesting to note that treatment as short as 4 weeks can increase the eicosapentaenoic acid/arachidonic acid ratio and produce significant changes in platelet function and the direct platelet-arterial wall interaction, as documented in this study and the organ chamber experiment,30 using normolipemic animals. Obviously, atherosclerotic changes develop over time, and platelet-arterial wall interactions may be an important preceding event.-3 Although the concomitant intake of vitamin D may be high, we have not observed any changes in total serum calcium levels before and after the study.
In summary, this study has demonstrated that dietary supplementation with cod liver oil may lead to significant alteration in the platelet-arterial wall interaction in vivo, with a decrease in both platelet deposition at the site of arterial wall injury and the associated vasoconstrictive response. Although a fish oil-supplemented diet may additionally influence atherogenesis through its favorable effects on serum lipids, these changes in the platelet-arterial wall interaction alone may well be important because of the inhibition of the important contribution of blood platelets to the pathogenesis of atherosclerosis and its acute ischemic complications due to thrombosis and vasospasm. And this favorable effect on the platelet-arterial interaction appears to occur with only a mild increase in the eicosapentaenoic acid/ arachidonic acid ratio. This type of dietary intervention may have important implications for the processes of atherogenesis, thrombosis, vasospasm, and hyperlipidemia; however, whether beneficial influences on these processes may offset the bleeding tendency and a potential for hemorrhagic stroke remains to be shown.
